Zinc alloys coatings formed with elements of group VIIIB are promising because they display similar properties and protect steel by galvanic action. The Zn-Ni alloy is remarkable by showing improved mechanical properties and better corrosion resistance when compared to zinc coatings of similar thickness, also can be applied at higher temperatures. In this work, electrodeposits of Zn, Zn-12%Ni, obtained upon SAE 1010 steel from commercial alkali baths, were treated by blue chromatization and characterized according to mechanical properties and morphology. Studies were carried out by using measures of hardness, roughness, SEM, EDS and XRD. Among the studied electrodeposits, alloys treated by chromatization showed higher corrosion resistance and Zn-Ni electrodeposits showed higher value of roughness and hardness, while zinc coating had results similar to the steel substrate By means of XRD, it was found that electrodeposits are crystalline, being identified in Zn-Ni alloy the presence of the phases (Ni 5 Zn 21 ) and (Ni 3 Zn 22 ), which are responsible for its higher corrosion resistance.
Introduction
Zinc coatings protect steel both forming a physical barrier and providing a cathodic protection. The coverage corrosion resistance can be improved by using coverings of zinc alloys such as Zn-Ni, Zn-Fe, and Zn-Co [1] [2] [3] [4] . Zinc metal has an excellent resistance and a wide application, especially as metal cover to prevent corrosion on steel exposed to water. Water usually contains dissolved salts and anions of some salts. Particularly, the anions Cl − , Br − and I − under certain conditions are able to cause local breaking of protective films and initiate pitting attack, as reported by Shreir [5] . Several reports have shown that corrosion resistance of alloys coated with Ni-Zn, within certain composition (12%-14%Ni), can be 5 -6 times better than pure zinc of similar thickness [6, 7] . Ni-Zn electrodeposits are one of the best examples of anomalous codeposition and get this rating because zinc, a less noble metal, is rather electrochemically deposited, according to Brenner definitions [8] . According to Lin's conclusion [9] , anomalous electrodeposition of Zn-Ni is caused by the slow nickel kinetics and by hydrogen evolution in nickel deposit. The corrosion protective coatings form intermediate layers between the corrosive environment and the metal substrate base. In general, they can protect the metal substrates by two main mechanisms: sacrifice and mechanisms of barrier protection [9, 10] . Zn-Ni provides a sacrificial protection to steel. This alloy especially chromatized is widely used to prevent corrosion in auto industry. Corrosion resistance studies of electrodeposits of chromatized Ni-Zn alloys show that the passive layer properties are dependent on the Ni content present in the deposit and the bath composition of chromate employed. The best results were obtained for the Zn-13%Ni alloy with a green chromating bath [11] The Zn-Ni alloys which own between 8% and 20% Ni display a corrosion resistance better than the pure Zn deposits. From this nickel content, the alloy can no longer be used to protect substrates such as steel, because the alloy becomes nobler and loses its sacrifice properties. Furthermore, as the alloy is corroded, there occurs dissolution of zinc or zinc-rich phase, which would transform the initial phase, which is less noble, into another one
Experimental Methods
The working electrodes were prepared using as a substrate the ordinary steel (black plate), which is the SAE 1010 steel (Standard ASTM 370) [12] 0.75 mm thick with electrodeposits of pure Zn and Zn-Ni in commercial baths based on chlorides and cyanides-free. During samples immersion, it was applied a current density of 2 A/dm 2 at a temperature of about 25˚C. All processes of electrodeposition were obtained in the laboratory pilot of Enthone Electronics Brazil Ltd and being these processes and properties of Cookson Electronics Brazil Ltd. After the electrodeposition process, some samples parts were subjected to a passivating treatment bath of chrome solution. The surface analyzes were carried out by using a scanning electron microscope LEO mod. 1450 VP provided with an analyzer for energy dispersive separation of X-ray, EDS. The Zn and Zn-Ni electrodeposits were characterized by X-ray diffractometry with Cu K radiation and wavelength  = 1.54 Å, so it was used a DE-
Results and Discussion

Vickers Microhardness Testing
The average of Vickers microhardness values obtained from five samples for electrodeposits of zinc and its alloy are shown in Table 1 .
These values analysis showed that the samples untreated and treated by chromate exhibit similar behaviors, i.e. microhardness values are coincident, indicating that the chromatization process has no interference in this parameter. The microhardness value expected for zinc coatings should be between 100 and 140 HV [13] , therefore, as it can be seen from Table 1 , the obtained values are in this range. When comparing the Vickers microhardness value between the electrodeposits Zn and Zn-Ni, it is observed an increase in this parameter for the alloy, which is justified by presence of a high Ni content in the coating (about 12% -13%). For the alloy with higher Ni content (approximately 19%), prepared in the same initial conditions, however different batch, there was an increase in hardness (Table 1) , which shows that this property directly depends on the Ni content in alloy. This behavior is in agreement with that expected [14] , since electrodeposits of alloys formed with elements of group VIIIB must have higher mechanical strength, which was evidenced by an increase in hardness.
Roughness Measurements
The values of average roughness parameter (Ra) for SAE 1010 steel and for Zn and Zn-N electrodeposits untreated and treated by chromate carried out on ten samples of each material are shown in Table 2 .
Analyses of this table results display that, in general, there is an increase in coatings roughness compared to the steel substrate, whereas the treatment by chemical chromate conversion has low influence in this parameter. At chromatization process, the passive layer is formed by dissolving zinc or zinc rich phases which are present in the material. Specifically, at the chemical conversion processes applied to the studied electrodeposits, layers formed on these materials surface are very fine, almost transparent. This indicates that the roughness values come from imperfections of electrodeposits, after applying the chemical conversion process.
The Ni-Zn electrodeposits have a behavior differently of other alloys from group VIIIB. It is noted higher roughness values for Zn-Ni electrodeposits, for both chromatization treated alloys and no treatment, which should be associated with the coating nodular aspect.
Morphological Characterization and Phases Identification
X-Ray Diffraction (XRD)
By means of this technique, some phases could be identified by displaying peaks with different relative intensities. Under the analyzed conditions, using a current density of 2.0 A·dm −2 , Zn electrodeposits consisted primarily of zinc, with iron peaks at 2.03 Å and 1.43 Å distances. Analysis carried out with pure Zn electrodeposits after [15] . Phases in alloys Ni-Zn varied with bath composition and some of them were identified by X-ray diffraction (Figures 1(a)  and (b) ).
Scanning Electron Microscopy (SEM)
Zn electrodeposits without treatment show good coverage on steel surface without exposing the substrate and presence of irregularities distributed over all surface. Such irregularities are, in most part, due to substrate itself after the acid pickling, pre-treatment in which the sample is subjected, before the electrodeposition process [17] . The EDS spectrum, however, reveals, in addition to zinc, the iron presence. Since the coating has a thin thickness, about 10 m, and has irregularities, depending on the energy of electron beam used in this analysis, the innermost layers elements are also detected, as for instance Fe, the main steel substrate constituent. The glitches observed previously on Zn electrodeposits are corrected in chromatization treatment. There is a distinct change at the surface appearance after the chemical chro-
The different phases presence in deposits depends on the Ni and Zn relative amount in bath [16] . In this study, the authors confirmed that deposits obtained from solutions containing a Ni 2+ /Zn 2+ ratio of 0.5 and using a current density of 1.0 A·dm mate conversion [18] .
Images of untreated Zn-Ni electrodeposits, Figure 2 , and chromatized alloy, Figure 3 , resulted in very distinct superficial aspects.
The untreated Zn-Ni electrodeposits show a very irregular morphology and without substrate exposure. As a main effect of chromatization process, there appears a layer formation which makes surface more uniform and compact, resulting from chemical conversion process, in which a thin passive layer is formed from Zn dissolution.
It can also be observed cracks appearing all over the coating, particularly for alloy treated by chromating. As previously mentioned, the Ni-Zn coatings showed hardness values higher than the pure Zn coating, resulting in presence of cracking can be attributed to internal stress in the coating caused by the high content of nickel in the alloy.
In EDS analysis for Zn electrodeposits, besides Fe and Zn it is also observed small Cr amounts, coming from layer which was formed at chromatization process, despite this layer is very thin. For the untreated Zn-Ni alloy, analysis shows compositions between 11.4 and 11.7%Ni and for the shaded one, a mass ratio of 12.6%Ni and 87.4% Zn.
A rather curious observation can be seen through image of Figure 4(a) , when analysis of scanning electron microscopy is carried out with a sample whose analysis by atomic absorption acknowledges a very high Ni percentage (19.4%, m/m), being this coating composition confirmed by EDS analysis, Figure 4(b) . The electrodeposits reveals presence of some dispersed nodules and on top of that, analysis by X-ray diffractometry showed  (Ni 5 Zn 21 ) predominance.
Conclusions
From the obtained results, it can be concluded that the electrodeposition process has a great influence upon the steel corrosion resistance. Morphological characterization of Zn and Zn-Ni coatings showed that they have a high coverage degree and with no gross failures, irregular morphology of electrodeposits resulting from steel substrate failures, produced during the acid pickling.
The Zn-Ni electrodeposits display hardness higher than that from Zn, revealing that this property is directly related to the content and nature of the alloy element present in the coating. Also the alloy has greater roughness among the studied coatings, which shows this electrodeposits nodular aspect, especially when the nickel content is higher than 15% (m/m).
The Zn and Ni-Zn electrodeposits showed good crys-
